An aluminum prototype of the AMICA (Astro Mapper for Instrument Check of Attitude) Star Tracker Support (ASTS) of the AMS_02 (Alpha Magnetic Spectrometer) space experiment has been instrumented with Fiber Bragg Gratings (FBGs). In this work the use of FBGs to perform dynamic tests on the ASTS prototype is reported. The excitation has been provided by an instrumented impact hammer, the mechanical response of the structure has been obtained by bonded 
I. INTRODUCTION
AMS_02 is a particle detector in space and consequently each subsystem has to be qualified for flight 1 . The subsystem considered in this paper is the AMICA (Astro Mapper for Instrument Check of Attitude) Star Tracker Camera (ASTC). The analysis is addressed to the mechanical support structure, i.e., the Amica Star Tracker Support (ASTS). ASTC is developed by the Center for Advanced research in Space Optics (CARSO) in Trieste Italy. The design of a devoted mechanical support ASTS is responsibility of INFN of Rome. Such a system can therefore operate before and during the operating life of the component, when it is subjected to the launch stress and to space environmental conditions. For this reason a qualification process for space flight is required, as for every space component, to check if modal characteristics of such a structure are compatible with these operational conditions. In light of this consideration, a critical aspect is represented by a proper choice of a sensing system for dynamic performances revealing: it must exhibit features like reliability, robustness, repeatability, low complexity implementation. On this line of argument, in this work, fiber optic sensors have been chosen: they are capable to measure static and dynamic strains when embedded or stuck on a structural component. In this ambit, a particular class, represented fiber Bragg gratings (FBGs) seem to be a good promise: they codify strain variations in wavelength, a parameter not affected by problems related to fluctuations of optic power on the measurement chain. Finally, FBGs are point sensors, able for retrieving the strain distribution of a structure. A proper interrogation system, based on an optic filter realized in FGB technology, has been utilized in these modal analysis tests [2] [3] . The sensing system exhibits adequate features of passing band, reliability, robustness, repeatability and low complexity implementation 2 . Such a sensing system can be utilized before and during the operative * a.cusano@unisannio.it; phone +39 0824 305846; fax +39 0824 305840; life of the component. A first simplified aluminum prototype of the ASTS has been manufactured to verify some mechanical aspects such as the clamping on the main structure of AMS and the cabling from the fiber optic sensors to the interrogation system. To retrieve modal resonant frequencies and vibrational shapes the frequency response function (FRF) approach has been adopted. In the common experimental practice, input signal is the applied force (excitations can be represented by instrumented hammer's impacts or by other devices like shakers), while as output signals displacements or accelerations are commonly adopted. FBG strain sensors, can be a valid alternative to the most useful sensing system for modal analysis application.
II. METHODOLOGY: MODAL ANALYSIS AND FREQUENCY RESPONSE FUNCTION (FRF)
When an experimental approach is utilized to determine physical properties of a structure, a simplified space discrete ndimensional linear model is utilized to determine its behavior 3 . A matrix representation for such a system is given by the:
(1) where: [M] : mass matrix (n x n), [C]: damping matrix (n x n), [K]: stiffness matrix (n x n). {x(t)}: displacement vector (n x 1), or output , whose elements describe displacements of each mass of the system along a certain direction; {f(t)} : vector of the external applied forces, or input (n x 1). With reference to the system described by (1), the frequency response function matrix (FRF) is given by the Fourier transform of (1). Each element, H ik ( ) is the ratio between the Fourier transform of the response of the structure obtained at the j-th output under a excitation signal applied at the k-th input, when all other inputs are set to zero, and the Fourier transform of this latter signal. In an around of the r-th mode resonant frequency, H ik ( ), since the contribution of r-th mode is dominant, can be approximated with 3 : , r + k are respectively the j-th and the k-th component of the r-th eigenvector normalized respect to the r-th mass matrix [M] element; r is the damping coefficient. It can be showed that natural frequencies (or pulsations) can be evaluated from zero crossings of the real part of (2), or otherwise from frequencies corresponding to peaks of its imaginary part. This latter component gives a second information: for each excitation point, the corresponding amplitude of the vibrational shape is proportional to it 3 . In the common experimental practice output signals are represented by responses of accelerometers, which give the second time derivative of displacement. In this case the term FRF is adopted. Since FBGs are strain sensors, the response of the system is called strain frequency response (SFRF). 
III. FIBER BRAGG GRATINGS AS STRAIN SENSORS
A Fiber Bragg Grating (FBG) is a periodic or semi-periodic permanent perturbation of the refractive index of the core of an optic fiber. As effect, when this structure is irradiated with a broadband optical source, a narrow band pass spectrum signal is reflected. The central wavelength of this signal, called also "Bragg wavelength", B , is related to the physical parameters of the grating by the following relationship where is the applied strain, p 11 , p 12 are two components of the strain optic matrix 3 is the Poisson's ratio. It results by (4) that FBGs are linear strain transducers, they can be utilized as sensors for this magnitude.
IV. EXPERIMENTAL SET UP
Reported tests have been performed on a mock up of the ASTS. The material used for the prototype was an Al Alloy 5083. A dump mass was placed instead of the ASTS system. In Fig.1 is reported a photography of the lower side of the sample where is clearly visible the experimental grid used to perform the modal analysis. This is constituted by 32 points, included 5 placed at the constrained edge of the sample. The two visible cables in Fig. 1 are the protecting jackets of the two optical fibers where FBGs are written. Jackets are removed in correspondence of sensors for a better bonding on the structure. Near to each FBG an accelerometer was placed as reference sensor (see Fig. 2 ), so, nominally, the two different sensors are in the same location. FBGs measure strain component orthogonal to the plane of the constrain; accelerometers transduce the acceleration component perpendicular to the plane of the lower side of the ASTS. The exploited interrogation system relies on a low cost ratiometric technique based on optical filtering combined with broadband interrogation 2 . By using a chirped and strongly apodized FBG, an optic filter with a response linear in wavelength can be obtained 2 . In light of the passive nature of the proposed technique, system bandwidth is only limited by the electronic circuitry involved in the receiving unit. Static and dynamic resolutions of 1pm and 40n /(Hz) 0.5 can be achieved up to 50KHz. For this application, the system bandwidth was limited to 400Hz. A DAQ system is responsible for data storage and elaboration. 
V. RESULTS AND DISCUSSION
In order to predict resonant frequencies and modal shapes of this structure, a numerical simulation was performed, for the first two flexural modes. Obtained resonance frequencies are 41.74 Hz and 120.14 Hz. Experimental modal analysis was performed by using the instrumented impact hammer in each location of the excitation grid. Here, the results of FBG bonded on the left of the structure in Fig.1 and of the accelerometer near located are reported. The SFRFs (FRFs) were calculated as the ratio of the FFT of the response of the FBG (FFT of the response of the accelerometer) with the FFT of the excitation. Time signals acquired from the FBG with excitation applied at point 11 and from the accelerometer are presented in Fig. 3 (a) and (b) , respectively. As following step, by applying the 
classical modal analysis techniques 3 from the SFRFs (FRFs) the strain (displacement) shapes for the first two flexural modes were obtained. Frequency responses for both the signals are reported in Fig.3 (c) and (d) in the range of frequencies of interest (0 -160 Hz). The obtained resonant frequencies for the first two detected modes were respectively 38.33 Hz and 123.78 Hz for both the sensors. Strain and displacement modal shapes can be observed with a suitable offset, in Fig. 4 and Fig. 5 , respectively. Since the FBG sensor is subject to a purely axial strain field, such deformations are proportional, for modes that can be essentially considered flexural modes, to the curvature along the y axis and to the distance from the neutral plane. In other words they represent the second partial derivative of the vertical displacement with respect to the spatial coordinate. This circumstance is approximately verified in our results as can be seen in Fig. 4 and Fig. 5 . The strain distribution for the first mode shape is approximately constant (Fig. 4) as one can expect from a deformed shape with approximately constant curvature. On the other hand the second mode shape (Fig. 5) shows a variable curvature that reduces towards the tip until it becomes negative. A closer view to Fig. 4 and Fig. 5 shows that the experimental grid used for displacement has five more points. Those points are relevant to the clamped end and cannot be reported for strain shapes because at the clamped end the values of this magnitude cannot be guessed while displacements along the vertical axis are null. Finally, these experimental results, both for resonant frequencies and for vibrational shapes, are in good agreement with numerical ones. 
VI. CONCLUSIONS
In this work a numerical and experimental modal analysis has been performed on a star tracker prototype of the AMS_02 experiment. The dynamic responses have been obtained by bonded fiber Bragg grating sensors and conventional accelerometers. A proper designed interrogation system based on broadband interrogation was used. Experimental results obtained with the different sensors are in excellent agreement for the first two natural frequencies: the strain mode shapes (obtained by FBGs) exhibit a behavior like the second space derivative of the displacement modes obtained by accelerometers. A good level of agreement was obtained comparing experimental results with numerical ones. This means that FBG sensors can be exploited for modal analysis tests providing the basis of reliable and robust sensing systems. As a future work, the measurement and analysis of the responses in all the external surfaces of the star tracker is planned. Also a Single-Input-Multi-Output (SIMO) test will be performed exploiting the multiplexing of the FBGs on a single fiber. Finally, an automatic procedure for data acquisition and analysis will be prepared. 
